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As part of a ocoltinuing in-depth fuel characterization progfarn for fuels prodwed 
in the U.S. Navy's shale prograrrs (1,2,3,4), an extensive detemuna tion of acid 
extractable organic nitrogen mnpounds in Shale-11 fuels has k e n  ccmpleted. 
report provides a description of an hprovd Gc+S system which sinplifies the 
analysis. 
the fuels are presented. S i n e  shale o i l  ccoltains a significantly higher weight per- 
cent of Nitrcqen than petrokun and Nitrogen mtaininq m a t  lcw levels in 
finished fuels have long been inplicated in fuel s tabi l i ty  problems ( 5 ) ,  we have been 
looking a t  sanples fran the fuel refining stream available frun the Shale-I1 project. 
Ultimately this chenical ampsi t ion  infomt ion  will k utilized in attenpts to 
a m u n t  for fuel s tabi l i ty  prcblans bth a t  high tanperatures and a t  anbient tenpera- 
tures. 
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In addition, qualitative and scrm quantitative data on the organic bases in 

The hydrocrackea shale oil  refining prmess details e in the Shale-I1 exercise 
haw been previously descrihd (6). 
were  acid and clay treated. 
refinery before final acid/clay treatmmt. 
fuels after extraction and the acid extracts ken determined by pyrolye is /dus t ion  
a t  1000 degrees C and measuraent of chemiluainesoence fran the reaction of No with 
owne (7). The crude shale oil contained 2.1 percent nitrogen (w/w). The relative 
deviation of the values w a s  +5 percent. 
was obtained by extracting 6th IN El, neutralizing w i t h  aqueous NaQH, and back 
extracting into ether. 

Follcwing hydnaackm g and fractionation, the fuels 

?he nitrogen concentration for the fuels, the 
Table I shows the nitrogen omtent of three fuels fran the 

W basic nitrogen fraction of the three fuels 

A Hewlett-Packard 598% K-MS was modified a t  the Gc-E interfaoe in  order to a c m  
mxlate a 5Om x 0.m I.D. flexible fused s i l ica  colm w i t h  a stationary phase coating of 
~ ~ 2 1 0 0  (relatively non-polar, similar to W-101). The ion source flange was CONlected 
to the Gc oven interior w a l l  by a heated l/8" O.D. copper tube. 
w a s  threaded into the heated 1/8" tube f m  the Gc oven, through the tube, into the Ms 
source so that the m l m  outlet  was positioned atout 10 an tehind the electron beam of 
the ion source. The 1/8" tube was sealed to high MCULPD a t  the Ms ~ource flange and in  
the Gc oven a t  the point where the capillary m l m  entered the tube. F W  rates 
through the capillary m l m  v.ere measured near atnuspheric pressure and related 
linearly to colm head pressure. F h  wre measured tetw3e.n 0.5 ml/min and 1.5 
d / d n  of belimn carrier gas. Under vacuun CMditions the ffi source region m d l y  
attains pressures of a b u t  5 x lO(exp7) torr: a t  heliun flow rates of 1 ml/mi.n into 
the souroe region pressures of about 1 x 10 (e) torr were at-. 

The Capillary colm 
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The s p l i t  ra t io  of the Hewlett-Pa- 18740B capillary inj- was set a t  8O:l 

The 
and 0.2 to 0.5 p.P. in ject ims of the fuel  extracts were made. 
mst sample runs was 1.0 to 1.1 ml/min hel im (MRinal a t  atnospheric pressure). 
wlm t m p r a t u r e  was held for 2 min at 85 degrees C, programd a t  8 degrees C/min 
to 220 degrees C and held a t  the upper temperature for 8 mins. 
betwen m/z 50 and m/z 300 a t  the ra te  of about 1 spectnm/l.5 sec. 

The carrier gas flcw for 

Mass spectra were taken 

RESUL'E AND DISCUSSION 

A rewnstrwizd mtal ion ChrOMtogram for the JP-5 extract is  sham in Figure 1. 
excellent resolution, w l m  efficiency and minimal ta i l ing of the polar Nitrcgen wntain- 
ing mnponents is typical of the chraratograms which can be produced by the all glass sys- 
tan and interface described above. 
theoretical plates. 
the high vacum ionization region are cbvious. 
is enhanced by the wide bore ( 0 . 3  mn ID)  of the oolm which permits up to 1.0 @ injec- 
tions of the fuel extracts without signs of wlmm overload. 
s w c e  pressures enwuntered, the ma56 spectra observed are identical to MKEL~ electron 
impact (7Oev) spectra generally taken a t  lO(exp-7) torr. 

The 

A t  1 4 . 1  min the w l m  efficiency is 125,000 
The ChraMtographic advantages of eluting anwnents directly into 

The absolute sensitivity of the -9 

Even at the relatively high 

2he results of the capillary GC-MS analysis of the acid extraction of Shale-I1 naphtha 
are s h  in  Table 11. 

nitrogen 
was 125. 
chains. 

Over thirty nitrogen containing canponents were detected, mst of which 

The average mlecular weight for th is naphtha fuel extract 
conpounds. These pyridines acoounted for wer 90 percent of the basic 
by weight. 

The mst frequent i-s enwuntered contained three or four car- i n  side 

?he JP-5 acid extract results are given i n  Table 111. 
As i n  the naphtha extract, the bulk of the m t e r i a l  was 

Over seventy nitrogen wntain- 
ing ccnpunds were identified. 
cap& of CnHh-5N type anpun*. 
extracted Nitrogen onpnrds by werght. 

These pyridines mntributed 85 percent of the 
The average mlecular weight was 172 and mst of 

j e t  fuel. 

containing mnp3unds were detected i n  th is  extract. 
class CnH2 - N. 
average nu?& weight $CIS 195. As in the 3p-5 -le, a signif=munt of 
CnIi2n-l Y and C H 
cap& by =?gi€--e of the type c H~ - M (indoles) wfiich were primarily seven and 
eight carbon side chain iscnt?rs. 

Table IV outlines the findjngs for D m  ( D i e s e l  Fuel Marine). Over one hundred nitrcgen 
Over 60 percent of ,them were i n  the 

of the nitrogen 

Seven, ten and -1ve mkon side chain iMmers p a, and the 
+i ca?pounds were identified. Also over 20 peroent 

Indoe &&s were not detected i n  the JP-5 extract. 

Altbugh only 0.2% Ntrcgen remained in the neutral, acid fraction of DEM, GC/MS 
analysis of a silica gel w l m  fraction eluted by chlorofonn revealed the presence of 
both CnH2,-$J (indoles) and CnH2n-15N (carbazoles). 

coNcLusI0NS 

The major mnpound class isoners found in the acid extract of Shale-11 naphtha were 
3 to 4 c a b n  side chain substituted pyridines. 
final refinery acid/clay treatrent, the major caqamd class i s m s  e r e  5 to 8 carh 

In the shale-11 Jp-5 -le prior t o  
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side chain pyridines, 1 to 3 carton side chain te t rahydrqimlines  and 2 to 3 carton 
side chain quinolines. In Me DF?4 extract the mjor cmpund class i-s found wre  5 
to 12 carton side chain pyridines, 3 to 4 carh  side chain tetrahydrapinolines, 5 to 8 
carton side chain indoles and 3 to 5 carton side chain quinolines. 

The outlined analytical prcax3ut-e could te inproved by the addition of suitable internal 
standards to facil i tate quantitation of particular caqxunds of interest. 
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TABLEI 

SHALE I1 PRE-ACID TREPIPED NEIS 

N I W  ELDENW, ANALYSIS PPM (W/W) 

% N E % .  A c i d W .  -- E%. Fuel sample Fuel 
G-1 (Naphtha) 900 3 99.7 103000 

J-7 (JP-5) 2100 85 96.0 62000 

D-7 (DEM) 3000 5 99.8 61000 

wid Extract = lN HC1 
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TABLe I1 

SHALE I1 - N A P m  

ComFOuna 
Class 

COMPOUNDS IN ACID EXTRACT BY E I - E  

N u n h r  of Number of Relative 
Carbons in IsOrErs Arrount 
Side Chain Detected of Class 

Piperdines (CnH2, + lN) 2 2 

Pyridines (CnH2, - 5N) 1 1 

3 3 7% 

2 4 
3 10 
4 8 9 3% 
5 3 

TABLE I11 

SHALE I1 - m 

CaMpOuNDS IN ACID DCTRACT BY EI-MS 

Number 
Compound carbons in 

Pyridines 3 

Class Side Chain 

(CnH2,-5N’ 4 
5 
6 
7 
8 
9 
10 

N m b r  of Relative 
I s m s  Armunt 
Detected Of Class 

1 
4 
9 
10 
8 
11 
3 
3 

3 
5 
4 
1 
2 

1 
4 
3 
2 
1 

1 

r, 
, 

85% 

10% 

5% 
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TABLE N 

SHALE I1 - DFM 
cQMpouNDs IN ACID EYXFACT BY EI-MS 

ccmpouna 

Fyridines 

C l a s s  

(CnH2,,-5‘J) 

Tetrahydro- 
quinolines 

“ n H 2 n - F  

Indoles 

‘CnH2,-9N’ 

Quinolines 

‘‘nH2n-11N’ 

Number of 
carbons in 
Side Chain 

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  

2 
3 
4 
5 
6 

4 
5 
6 
7 
8 

2 
3 
4 
5 
6 

N h r  of Relative 
Isders m m t  

Detected Of C l a s s  

1 
3 
7 
6 
14 
5 
6 
9 
3 
13 

5 
2 
4 
0 
2 

2 
2 
3 
8 
9 

64% 

8% 

21% 

7% 
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